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ACCELERATION SIMULATION IN THE LAMPF II BOUSTER

Eugene P. Colton
Los Alamos Nutional Laboratory, lLos Alzmos, NM 87545

We study the evolution of the longitudinal phase
space during acceleration from 0.737-7.3 sueV in the
LAMPF II booster, This machine 1s planned to ac-
celerate 150 uyA of pro%ons using a8 60 Hz repetition
rate. A multiparticle usimulation program was used to
model the acceleration with ﬂpace charge included. The
bunch population of 2.5 x 10 ! protons was represented
by 1000 macroparticles. During acceleration the rms
longitudinal emittance grows by 3% and two particles
are lost out of the separatrix.

I. Introduction

The current reference design for the LAMPF II
project includes a 60 Hz booster fnd 3 Hz main ring.
The booster accelerates 1.5 x 10} protons from 0.797
to 7.3 GeV kinetic energy in each pulse. 1In this work
we describe a numerical simulation of the longitudinal
motion which includes space charge and inductive wall
sffectqa. The study was undertaken in order to verify
that the acceleration proceeds as expected with little
emittance growth and minor losses. In Sec. IJ we
discuss the booster. In Sec., Il11 we describe the
simulation program, and then present the results in
Sec. IV.

11, Booster

The booster has eight superperiods and a cir-
cumference of 35C.87 m. H  1injection is used in the
hooster over a period of 1| ms, corresponding to 719
turns, The rf capture voltage 18 maintained at
0.7 MV/turn over this period. The protons are then
accelerated to 7.3 GeV in 11.75 w8 using a sinusoidal
magnet waveform with 42.55 Hz rise frequency. The
magnets are then reset for 3,92 ms, The rf program for
the acceleration 1s described elsewhcere {n this con-
ference.! In Fig. | we show the time dependence of the
rf voltage V, and synchronous phase angle ¢ge Brietly,
the rf voltage rises from 0,7-1,59 MV/turn duri.g the
firat 3 me in order to maintain a constant bucket area;
the voltage 18 then held constant for the next 3 ms,
and reduced linearly to 1 MV/turn over the remaining
575 mke  The maximum value of the synchronous phase
angle ¢_ = 42,5"., The transition gamma of the bhocater
is imngrnnry Yy - 1.

111,  Simulation Program

The program RFSIM? war used to perform the nac-
celeration, This program tracks particle trajectoriesn
in longitudinal phase Aapace. The space~charge term is
calculated from the particle denaf{ty gradient in a
hunch  for each macroparticle (index §) at each
integration step. The integration {s performed twice
per turh using recurrence relations ohtained from the
following equations

dw eV *
§ " e?Nh?y ERY
ym o (Aing, - ming )+ D T 1)
dt 7 ! ! e y?n Ay
d¢ 4 i

L nin (2)

whero
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and the quantity
P
g=1+2 Ln[B] + ln[—:] (4)
a Pi

The quantity b/a is the initial ratio of vacuum pipe
size to bean size, p, 48 the momentum of the
synchronous particle and py 1s the starting momentuw.
In Eqs. (1} and (2) V, is the rf voltage per turn, ‘,
i8 the synchronous phase angle, N is the number of
particles in a bunch, ¢, is the permittivity of free
space, W is the variable canonically conjugate to ¢,
W = AE/n where E is the particle energy, h is the
harmonic number h = f f/fre » N, 1is the number of
macroparticles per bunch, A !l the macroparticle line
density, n = 1/y2 - l/Yg. 0 1is the angular rotatioa
frequency f = /R, and R 18 the effective machine
radius (circumference/2n). In Eq. (3) 1Z, is the
impedance cf free rpace Z, = 377 ohms and IZL/nl
represents any contribution due to {nductive wall
effects. For calculating the space-charge contri-
butions the bunch 1s split into vVn, superparticles.

IV. Results of Simulation

For the integration we chose b/s = 2.0, p, =
1.463 GeV/e (T, = 797 CeV); the {nductive wall im-
pedance IZL/nl was arbitrarily set to 1) ohms and the
harmonic number h = 70, corresponding to a starting rf
frequency f_ ¢ = 50,3125 W Z. We assume 60 buckets
occupied 85 N = 2.5 x 10 protons per bunch; these
were represented by n, = 1000 macroparticles. These
macroparticles were generated uniformly within an
upright ellipse in ¢~dp/p phase space. The atartigg
limita were |¢| < 0.583n and |dp/p} < 0.32 x 107<,
Thie selection puts particles into half the available
bucket area of ~ 0,13 eVs, The rms longitudinal
phase-space area A was 0.0185 eVa for a single
bunch, During the simulated acceleration the beam
conditions were moni{tored. Table 1 lists time, mo-
mentum, rme bunch length ¢ rms and A, . during the
cycle, We observe that q Rrows by a factor of 1.03
during the acceleration. e further shnw {n Figs. (1)
and (2) the distributions of the phase sapace at eight
different times through the cycle; the limite of stable
motion are demarcated by the confining separatrices.
Two macroparticles are loat during the process.

TABLE T. Arceleration larameters

Time P s Arinn
(me) (GeV/c) (degs) (eVa)
0.0 1.4060 51.R O.NiR%
09 1o A01 W1k 0.01R5
1.0 1.5R2 42.9 0.N1R7
1.5 147749 K. 9 0. 0190
2.0 l.oW 17.8 0. 0190
1.0 2,487 1.2 0, 01490
heh 1,615 5.7 n.0192
6.0 44,915 vla? (1. 0191
9.0 7.0 15.R n.0191
11.7 R. 1RA 14.9 0.0190
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Fig. 1. RF program for LAMPF II booster.
R FRODUWQ)- 50,3450 PART MRCDIMALI- 07183 STHG.TRODIKIZ )= 3erse
F3- 1063 000 (RN /1 WS (e S1,70 NS Euit 6. rag 8 FFs- 5 e
e - B 0.1208 ‘w.rn - '8‘% Ui~ 2,00 W) LOS-0 0.0 X
L
B
~
/ H \
. 2
, ‘ o ;; . - \\
’.ﬂ&’-ﬁ\[&-{i’i.’fﬂ?'lu ll,;i.'c"i.? J?ﬁ- o b {s)'.\.i'ii.n
~ R e
~ -
\\ ) o o
~ . - ;! —“”__‘,l
vl

Fige 4o Injectlon bucket and 1000 macropart feles,

R0 ¢ 0D 04 W9 41 B W S B0 W w0 |&7/i.e

Fig. 3,

Conditions &% t = 0.5 ms into acceleration.
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